Using an integral averaging method and generalized Riccati technique, by introducing a parameter β ≥ 1, we derive new oscillation criteria for second-order partial differential equations with damping. The results are of high degree of generality and sharper than most known ones.
Introduction
Consider the second-order partial delay differential equation q j x, t f j u x, t − σ j , x, t ∈ Ω × R ≡ G,
where Δ is the Laplacian in R N , R 0, ∞ and Ω is a bounded domain in R N with a piecewise smooth boundary ∂Ω.
Throughout this paper, we assume that q j x, t u x, t − σ j , x, t ∈ Ω × R ≡ G
1.4
with Robin boundary condition ∂u x, t ∂γ g x, t u x, t 0, x, t ∈ ∂Ω × R , 1.5 where γ is the unit exterior vector to ∂Ω and g x, t is a nonnegative continuous function on ∂Ω × R and obtained the following result.
Theorem A see 12, Theorem 2.2 . Suppose that H ∈ ω, let C 1 0 < inf s≥t 0 {lim inf t → ∞ H t, s /H t, t 0 } ≤ ∞, suppose that there exists some j 0 ∈ I m and there exist two functions φ ∈ C 1 t 0 , ∞ , A ∈ C t 0 , ∞ satisfying, Proof. Suppose to the contrary that there is a nonoscillatory solution u x, t of the problem 1.1 , 1.5 which has no zero on Ω × t 0 , ∞ for some t 0 > 0. Without loss of generality, we assume that u x, t > 0, u x, t−ρ k t > 0 and u
Main Results
Integrating 1.1 with respect to x over the domain Ω, we have
4 Abstract and Applied Analysis
From Green's formula and the boundary condition 1.5 , we have
where ds denotes the surface element on ∂Ω. Moreover, from H 2 , H 4 and Jensen's inequality, we have
where
In view of 2.5 -2.7 , 2.4 yields that
Note that H 4 , 2.8 yields that Proof. Suppose to the contrary that there is a nonoscillatory solution u x, t of the problem 1.1 , 1.5 which has no zero on Ω × t 1 , ∞ for some t 1 > t 0 , without loss of generality, we assume that u x, t > 0, u x, t − ρ k t > 0 and u
Abstract and Applied Analysis
As in the proof of Theorem 2.1, 2.14 holds for all t ≥ T ≥ t 1 
2.22
Therefore, for t > T ≥ T 0 ,
2.23
It follows from 2.20 that 
2.38
Then every solution u x, t of the problem 1.1 , 1.5 is oscillatory in G.
Proof. As in Theorem 2.1, without loss of generality, we assume that a nonoscillatory solution u x, t of the problem 1.1 , 1.5 satisfies u x, t > 0, u x, t − ρ k t > 0 and u x, t − σ j > 0 in Ω × t 1 , ∞ , t 1 ≥ t 0 , k ∈ I s , j ∈ I m . Define a generalized Riccati transformation 
